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Abstract 


Our purpose in this paper is to describe the origins and current applications of the PASS 
theory. PASS stands for Planning, Attention, Simultaneous, and Successive processing, which 
the theory argues are basic dimensions of cognition and intelligence. The theory is the basis 
for several current batteries of intellectual assessment and for approaches to intervention for 
low-performing individuals. 


An Introduction to PASS 


The story begins with the publication in 1975 of a paper proposing an alternative to traditional 
models of intelligence, by Das, Kirby, and Jarman (with a more extensive treatment in 1979). 
Two of us have written the present article to trace its origin and its applications; sadly, Ronald 
F. Jarman passed away in 1995. In the 1970s, there were a number of researchers searching 
for ways to integrate theories of intelligence with theories of cognition, all within the context 
of the growing understanding of neuroscience. Key figures included Sternberg (e.g., 1985), 
Gardner (1983) and Hunt (e.g., 1980). Instead of viewing intelligence as a fixed, general 
capacity, as IQ measures are typically seen, the goal was to identify components or dimensions 
that could be tied more specifically to particular tasks of interest (e.g., reading) and which 
could be subject to instructional improvement. 

The four PASS processes were derived from the work of the Russian neuropsychologist 
Luria with brain-damaged patients (Luria, 1966, 1973, 1980). Planning is based in the pre- 
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frontal cortex and is responsible for organizing cognition and behavior. Attention is located in 
the brain stem and controls activation and arousal in cognition. Simultaneous and Successive 
are described as two fundamental types of processing in posterior cortex. In simultaneous 
processing information is synthesized into surveyable groups, as when discrete elements are 
coded as a configuration or whole (e.g., lines forming a shape, words forming a concept); 
this takes place in the parietal-occipital cortex. In successive processing, information is syn- 
thesized into a sequence in which order is important; this takes place in the fronto-temporal 
cortex. For more on the fundamental PASS theory, see Das (2015a, 2015b, 2018), Das et al. 
(1994), Das and Kirby (1990), Kirby and Williams (1990), and Papadopoulos et al. (2014). 


The PASS View of Intelligence 


We see intelligence as a cluster of cognitive processes that support individuals and groups in 
attaining goals and adapting to challenges. These processes are neurologically based, but this 
does not exclude roles for experience and the individual’s cultural environment (Das, 2018). 
These processes are in principle responsive to development and learning, both spontaneously 
through experiences, and formally through instruction (Vygotsky, 1934/1978). Learning links 
cognitive processes to education because cognitive enhancement can occur through training 
(Posner & Rothbart, 2007; Das, 2009, 2021). This approach is fundamentally different from 
some traditional models of intelligence and especially those which see IQ as a fixed capacity. 

The cluster of cognitive processes that constitute intelligence can be divided or catego- 
rized in many ways. The PASS approach is distinct from the most common verbal-nonverbal 
categorization; although many of the early measures of simultaneous processing were non- 
verbal and those of successive verbal, this is not the case for current measures (Naglieri & 
Das, 1997; Das et al., 2021). The verbal-nonverbal distinction is associated with the left and 
right cerebral hemispheres. However, when Okuhata et al. (2009) examined EEG coherence 
patterns for simultaneous and successive measures, the two patterns they identified did not cor- 
respond to left and right hemispheres. The coherence pattern of the simultaneous processing 
tasks was characterized as increased long-range inter-hemispheric connections, whereas the 
pattern of the successive tasks was characterized as increased short-range connections within 
each hemisphere. Thus, simultaneous processing is reflected across hemispheres, crossing 
over the left-right hemisphere division of the brain, whereas successive processing is associ- 
ated with almost identical patterns of coherence in each hemisphere. 

A distinctive feature the PASS theory is the prominence given to the planning compo- 
nent. Since the 1970s there has been a dramatic increase in the amount of research devoted 
to planning or executive processes (Miyake et al., 2000), located in the prefrontal cortex of 
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the brain (Diamond 2013), and its relation to academic achievement (Spiegel et al., 2021). 
The PASS conception of planning is more general than the working memory, set shifting, and 
inhibition factors of Miyake et al., though it encompasses them. Planning is associated with 
metacognition and is fundamental to self-regulation (Kirby & Merchant, 2021). 


Applications 


The PASS theory has been the basis for the development of intellectual assessment batteries 
and of educational intervention programs. 


Assessment Batteries 


Naglieri and Das (1997) published the Cognitive Assessment System (CAS), a battery of 
tests measuring planning, attention, simultaneous, and successive processing. Each of the 
four constructs has three or four measures; further description can be found in Das (2015b). 
The battery is now in its second edition (CAS2, Naglieri et al., 2014) and is being widely used 
in educational settings (see Georgiou et al., 2020; Naglieri & Otero, 2017). 

Das et al. (2021) have published the Brain-Based Intelligence Test (BBIT), standardized 
for India, which comprises two main batteries and a FastTrack shorter test derived from them. 
The Plan-Ex battery comprises measures of Planning (Plan) and Executive Functions (Ex). 
As shown in Figure 1, this battery provides measures of working memory, set shifting, and 
inhibition (the three factors of executive functions identified by Miyake et al., 2000), planning 
in complex problem solving, and supplementary measures of rapid automatized naming (RAN 
or naming speed). This battery provides composite scores for verbal, nonverbal, speed, and 
self-regulation aspects of planning. 
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Figure 1. Brain-Based Intelligence Test (BBIT) 


PLAN-EX: Executive Functions and Planning 


Executive Functions 


Cognitive Flexibility Inhibition Control Working Memory 
Trails Verbal Stroop e Sentence Span 
Planned Patterns Number Stroop ¢ Number Span 
Pattern Reverse Number Reverse 
Visual Search Vigilance (Optional) 

Colour and Shape 


Higher-Order Plan-EX 


Complex Problem Solving 
e Crack the Code 
e Predicament Test 


Supplementary Tests 


Rapid Automatized Naming 
e Numbers 
e Letters 


Derived Composite Scores: 
Verbal 
Non Verbal 
Speed 
Self+Regulation 


The second BBIT battery is for Information Integration (//-2), providing measures of Con- 
figurations (related to simultaneous processing) and Sequences (related to successive process- 
ing). The third BBIT battery is termed Fast Track, which is a short group of tests derived from 


the two main batteries (Das et al., 2021). Please contact J. P. Das for more information about 
the BBIT batteries. 
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Intervention Programs 


Three intervention programs have been developed based on the PASS theory. Intending to 
apply intellectual assessment to instruction is a distinctive feature of the PASS approach, be- 
ginning with the proposition that the processes of intelligence are amenable to improvement 
(Das, 2015b; Das & Misra, 2015). As can be seen from these descriptions, the approach 
to instruction combines content and process approaches. In general, an inductive approach 
is employed, demonstrating the application of cognitive processes to non-academic content 
first, then encouraging the transfer of these processes to more academic content. These pro- 
grams have been employed with English language learners, and in other languages including 
Spanish, Arabic, Turkish, Chinese, Japanese and Korean (see references below). 

The PASS Reading Enhancement Program (PREP; Das & Misra, 2015) was designed to 
build the cognitive foundations of reading and comprehension, specifically focused on simul- 
taneous and successive processing. The program consists of successive and simultaneous 
processing modules, which develop reading strategies such as rehearsal, categorization, mon- 
itoring of performance, prediction, revision of prediction, sounding-out, and sound blending 
(see Das & Misra, 2015, for studies evaluating PREP’s effectiveness). 

Cognition Enhancement Training (COGENT; Das, 2009, 2021; Das & Misra, 2015) was 
designed to contribute to literacy acquisition, a prerequisite for school readiness. The program 
has modules that train attention and orienting to instruction, metalinguistic concepts, phone- 
mic discrimination, syntax, semantics, inhibition, and automaticity in recognizing shapes, 
colors, and letters (see Das & Misra, 2015, for studies evaluating COGENT’s effectiveness). 

The Modules for Math program (Das & Misra, 2015) focuses on foundational mathemati- 
cal concepts, comprising size and value, number lines, numerosity, accurate and approximate 
number systems, and working memory. PASS processes of planning/executive functions, si- 
multaneous processing and pattern recognition are explicitly used in specific modules (Das, 
2020; Das & Misra, 2015). 


Conclusion 


The roots of PASS theory lie in in cognitive psychology and neuropsychology. The theory 
has supported developments in assessment and in cognitive training programs that enhance 
the foundations of reading and mathematics, a distinctive feature of this brain-based approach 
to intelligence and its modifiability (Das, 2018). 

We thank the reviewers for their positive comments and for providing readers with further 
references to consult. 
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